Rectal swabs from 391 infants less than 18 months of age who were hospitalized with acute diarrhea and from 138 similarly aged healthy infants were examined for the etiologic agents of diarrhea. Aeromonas spp. were recovered from 205 of 391 (52.4%) diarrheic patients, whereas they were recovered from 12 of 138 (8.7%) controls (P < 10-11). Among the 205 Aeromonas-positive diarrheic patients, 118 (57.6%) were found to be coinfected with other common enteropathogens. Of the 164 Aeromonas-positive initial diarrheic specimens, 82 (50.0%) had one or more other enteropathogens present; 30 patients were coinfected with rotavirus, 20 with enterotoxigenic Escherichia coli, 16 with Campylobacter spp., 14 with Shigella spp., 13 with enteropathogenic E. coli, 4 with Vibrio spp., 1 with Salmonella spp., and 1 with Plesiomonas spp. The high frequency of isolation of Aeromonas strains from cases compared with that from controls supports an etiologic role for this organism. However, frequent concomitant infections with other well-recognized enteropathogens and a lack of disease correlation with common Aeromonas phenotypes suggest that only a subset of Aeromonas strains may be diarrhea causing and that such strains may be common to several of the existing species.
Epidemiological surveys investigating Aeromonas-associated diarrhea in North America, Europe, and Southeast Asia have demonstrated substantial geographic variation with regard to the frequency of isolation and the strength of disease association for these organisms (1) . Recently, population-based studies which include culture for Aeromonas spp. have been done in South America (2, 4, 15) . Unlike other regions, where hospital-based cross-sectional surveys have been the type of study most commonly performed, studies in South America have been community based and longitudinal in design. Although the results are not directly comparable, they have, similarly, shown considerable regional variations in the prevalence of Aeromonas spp. intestinal infections and variable strengths of association between infection and diarrheal disease.
Figueroa and coworkers (4) conducted a prospective study of infants in Santiago, Chile, and reported a weak association between Aeromonas spp. and diarrhea episodes; Aeromonas strains were isolated from stools during 7 .1% of diarrhea episodes and 5.2% of asymptomatic periods tested. The overall association between Aeromonas strains and diarrhea was not significant, but the investigators found that toxigenic and/or invasive strains of Aeromonas were significantly more common during protracted episodes of diarrhea.
In a prospective study of 153 infants and households in a poor community outside Lima, Peru, Black and coworkers (2) found that Aeromonas spp. were the bacterial pathogens most frequently isolated from household food and water samples, but they were isolated from only 0.5% of diarrheic * Corresponding author. stools and 0.1% of routine stools. These results, showing a high environmental presence of Aeromonas strains but an infrequent association with disease, were similar to those of a more recent study conducted in another lower-class suburb of Lima (10) . In the latter study of newborn infants and their households, Aeromonas spp. were isolated from potable water samples from 38% of homes and from the interior surfaces of 89% of household environments. Although Aeromonas spp. were isolated from feces with a relatively high frequency, the organisms were recovered less often from diarrheic stools than from routine stools (12 Case definition and enrollment. Cases were children who had been hospitalized in a special rehydration and treatment unit used only for pediatric patients with severe diarrhea. The study was limited to children 18 months of age or younger who had not been given antibiotics during the 7 days prior to enrollment. Potential cases were identified at the time of admission, following clinical evaluation and primary treatment. Infants having other infectious disease diagnoses (e.g., pneumonia, chickenpox, measles, pertussis, and diphtheria) were not admitted to this clinic. Children with diagnoses of lactose intolerance or malabsorption syndrome were excluded. Patients with concurrent mild upper respiratory symptoms were accepted.
Consenting mothers of infants were interviewed by the project nurse. Clinical and epidemiological information was recorded. Stool samples for bacteriological analyses were collected with a sterile rectal swab, placed into Cary-Blair transport medium, and immediately transported to the Universidad Peruana Cayetano Heredia Microbiology Laboratory. An additional rectal swab was placed in sterile phosphate-buffered saline for rotavirus testing. Portions of stool from a subset of patients were collected and placed into Merthiolate-iodine-Formalin solution for parasitological examination.
Control definition and enrollment. Controls were healthy infants brought to the same hospital by their mothers for routine checkups and immunizations. The "well-baby clinic" was visited by the project nurse on a daily basis to enroll Aeromonas if they were motile; yielded an alkaline slant and acid butt or an acid slant and acid butt without the production of H2S in Kligler iron agar; were indole positive, urease negative, and mannitol positive; grew in nutrient broth without NaCl; failed to grow in nutrient broth-6% NaCl; grew on MAC; and were 0/129 vibriostatic agent resistant. These criteria did not allow the detection of strains of the proposed species "Aeromonas schubertii," which are mannitol negative (5). For species characterization by the scheme of Popoff and Veron (13) , supplemental tests were performed to determine utilization of arabinose, salicin, or arginine; esculin hydrolysis; production of gas from glucose; production of acetoin from glucose; and production of H2S from cysteine (12) . Tests for the production of omithine decarboxylase were by the method of Moeller (7). Strains producing zones of beta-hemolysis greater than or equal to 2 mm in width after 18 to 24 h of growth on ABA were considered hemolytic. All tests for Aeromonas spp. characterization were incubated at 28°C. Cultures to test for utilization of arginine and production ornithine decarboxylase were incubated for 7 days; other test cultures were incubated for 24 to 48 h.
Aeromonas spp. isolates from a single patient or stool that differed in one or more of the supplemental test outcomes were considered different metabolic phenotypes and recorded as separate strains. In these instances, if the isolates came from different specimens, only the first phenotype was included in the analysis of the association of phenotypes with disease. For different phenotypes from the same specimen, one was randomly selected.
Detection of other enteropathogens. Other common bacterial enteropathogens were identified by conventional methods (7) and with the API 20E identification system (Analytab, Plainview, N.Y.) when indicated.
For detection of enterotoxigenic Escherichia coli, five lactose-positive colonies from primary MAC cultures were pooled and screened for the presence of heat-stable toxin and heat-labile toxin by enzyme-linked immunosorbent assays (8, 14) . If the pooled sample yielded a positive result, individual colonies were retested for confirmation and detection of heat-labile toxin-positive, heat-stable toxin-positive strains.
For detection of enteropathogenic E. coli, five colonies were picked from primary MAC cultures and tested by agglutination with specific antisera (antisera kindly provided by 0. Grados Bazalar, Instituto Nacional de Salud, Lima, Peru).
Rotaviruses were detected from separate rectal swabs which were stored in phosphate-buffered saline at -70°C and were then tested by using World Health Organization rotavirus enzyme-linked immunosorbent assay kits (World Health Organization Regional Virus Laboratory, Birmingham, United Kingdom).
For patients tested for parasites, approximately 2 g of fresh stool was preserved in Merthiolate-iodine-Formalin solution and then examined microscopically for parasites after filtration, centrifugation, and ether extraction.
RESULTS
Seasonal prevalence. In Lima, Aeromonas spp. were isolated year-round from diarrheic children during the 15-month period of study (Fig. 1) . Frequencies of isolation were high (greater than 30%) in all months except for the midwinter months of July and August (2 of 27 patients positive [7. 4%]), which are the coolest months. The highest monthly preva- Monthly Aeromonas spp. isolation frequencies for control children ranged from 0 to 21.4% (data not shown); the peak occurred during March and April 1988, when 8 of 43 control children (18.6%) were culture positive. Considered with the results from diarrheic children, Aeromonas spp. appear to colonize both healthy and diarrheic children most frequently during the warmer months of the year, peaking in the March to May time frame. This period corresponds with the transitional period between summer and winter in Lima and is characterized by an increasing number of days with overcast skies, increasing relative humidity, and a corresponding decline in the daily high and low temperatures.
Enteropathogens detected. Overall, Aeromonas spp. isolations were markedly more prevalent among the diarrheic population (52.4%) than among the control population (8.7%) (P = 7 x 10-11) (Table 1 difficult to interpret and accounted for many of the nonconforming results. According to the criteria of Popoff and Veron (13), results of tests for arginine, arabinose, and salicin utilization and esculin hydrolysis should agree for the majority of strains (i.e., either all results should be negative or all results should be positive). Agreement between arginine utilization and each of the other tests ranged from 36 to 43%, whereas results between the latter three agreed 87 to 95% of the time.
We found species classification to be less difficult by relying primarily on results from tests for salicin utilization, esculin hydrolysis, and production of gas from glucose. If a strain produced a nonconforming result among these three tests, results for utilization of arabinose, H2S production from cysteine, and acetoin production from glucose were secondarily considered. This approach provided the most unequivocal classifications and allowed 97.6% of the 84 isolates to be classified to the species level (Table 3) . Of the 17 distinct profiles initially identified, 6 were classified as Aeromonas hydrophila, 5 were classified as Aeromonas caviae, 4 were classified as Aeromonas sobria, and 2 could not be assigned to a species with any degree of confidence. One of the two nonclassifiable strains was arginine positive, arabinose negative, salicin negative, esculin hydrolysis positive, and acetoin positive; did not produce H2S from cysteine; and did not produce gas. The other strain was arginine negative, arabinose positive, salicin negative, esculin hydrolysis negative, and acetoin positive; produced H2S from cysteine; and did not produce gas.
Using the classification methods described above, we found no significant differences in the frequencies of isolation of individual species between diarrheic and control patients. A. caviae was the most frequent isolate from both diarrheic and control stools.
DISCUSSION
The unprecedented high prevalence of Aeromonas spp. isolated from these severely ill diarrheic children (52.4%) has provided the strongest statistical association between this organism and the risk of diarrheal disease reported thus far (P < 10"1). Considered with the previously reported high prevalences of Aeromonas spp. in food, potable water, and household environments of Lima, these data strongly affirm the ubiquitous nature of Aeromonas spp. in this area and the probable ease with which young children may be infected or colonized by these organisms. Early exposures of Peruvian children to Aeromonas strains have recently been confirmed by a study of hospitalized neonates which demonstrated that 23% of normal infants delivered by cesarean section were infected or colonized with Aeromonas spp. during the first week of life (9) .
The high prevalence and strong association with disease reported in this study may at first appear to be at odds with earlier community-based studies in Lima which demonstrated significantly lower frequencies of isolation and little or no association with disease (2, 10). However, results from the two types of studies are not directly comparable. Factors inherent to differences in the design, conduct, and interpretation of prospective cohort studies compared with factors inherent to the current hospital case-control study may account for much of the seemingly incongruous results. Other factors related to differences in study populations and the individuals' disease status (duration, stage, and severity of illness) at the time of specimen collection probably also preclude direct comparisons.
Aeromonas spp. were more frequently isolated from diarrheic patients than from healthy controls in this study, but 50% of these Aeromonas-positive patients were coinfected with other proven enteropathogens. Also, as many as three different metabolic phenotypes were recovered from a single patient. This indicates that future studies should take into consideration concomitant infections and the fact that Aeromonas sp. isolates from an individual patient may be of more than one metabolic phenotype. This would minimize the likelihood of confounding results between patients infected with virulent strains of Aeromonas spp. and those temporarily or permanently colonized with strains which have no causal relationship with the disease at hand. Such occurrences may partially explain the frequent lack of agreement among investigators regarding virulence markers and the magnitude of their association with disease.
After eliminating cases with coinfections from the analysis and including only a single metabolic phenotype for each Aeromonas spp. infection, we found no marked differences in the relative proportions of individual phenotypes or species recovered from cases compared with those recovered from controls. Isolates able to utilize arabinose (A. caviae or A. hydrophila) and those unable to utilize arginine (A. sobria) appeared somewhat more frequently among strains from diarrheic stools than among strains from normal (control) stools. However, it is doubtful whether either of these "near associations" was of consequence; the former association was common to two species, and the latter association was based on a test which often yielded nonconforming results for taxonomic classification.
In the current study, as in several studies conducted in the United States and Europe (1), A. caviae was found to be the most frequent species isolated. This contrasts with other surveys in Australia, Thailand, The Netherlands, and Bangladesh, which have shown A. hydrophila and A. sobria to be the predominant species isolated from patients, environments, or both (1). Our data support the observations noted by Altwegg and Geiss (1) in their recent review of Aeromonas spp. that "at different locations, different species are predominant." However, the current study results fail to provide evidence that, in a given geographic area, "the predominant species is associated with gastroenteritis in children." In our study, the predominant species (A. caviae) was associated with disease only in the sense that it was the most common species isolated from diarrheic children. There was a lack of statistical association with disease because of the similar proportionate contribution of A. caviae to all Aeromonas strains isolated from healthy children (63%) compared with those isolated from diarrheic children (78%). This suggests that the high isolation frequency of A. caviae from diarrheic stools is a reflection only of its greater abundance in the environment.
Hemolysins produced by Aeromonas strains have been reported by several investigators to be associated with cytotoxic and enterotoxic activities (1). In the current study, hemolysis was not an indicator of pathogenicity, being detected in almost identical proportions of strains from cases and controls. It is possible that by eliminating strains from patients infected with multiple strains, we unknowingly selected against hemolytic strains in diarrheic patients, although this seems unlikely.
Considered in total and disregarding the huge difference between the overall isolation frequencies of strains from cases and controls, the observations suggest that if enteropathogenic strains of Aeromonas spp. exist, the virulence factors involved may be common to a subset of several of the existing taxonomic groups and are not discernible by metabolic tests which are routinely used in enteric laboratories. It is also possible that associations between pathogenicity and particular metabolic phenotypes may be only of regional significance.
In this study we did not evaluate Aeromonas spp. isolates for other exotoxins or potential virulence markers which have been reported by other investigators. Such tests, including serogrouping, tests for autoagglutination and precipitation after boiling, cell culture assays, outer membrane protein assays, DNA studies, and animal assays, are under way in our laboratory and will include isolates from the current study and other well-defined clinical isolates. These and related laboratory investigations, which fall outside the scope of the current study's objectives, may provide additional information which will allow more reliable discrimination between virulent and avirulent strains of Aeromonas spp.
In summary, on the basis of the large differences in isolation frequencies of strains between diarrheic and control children, there remains strong support for the fact that Aeromonas spp. are important enteropathogens in Peru. However, the large proportion of Aeromonas-associated diarrheic episodes which could be attributed to other coexisting enteric agents suggests that only a portion of Aeromonas strains are directly responsible for the disease at hand. Furthermore, the possibility that the yield of Aeromonas spp. from rectal swabs is increased in infants with diarrhea and that Aeromonas has no role in the genesis of the diarrhea has not been excluded. On the basis of the profile of the metabolic tests that we performed, we found no substantial evidence that unknown or unproven virulence factors are more common to one phenotype or existing taxonomic group than to another. 
